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Miscellanea GeoGraphica -RegIONal StuDIeS ON DeVelOpmeNt
The aim of this paper is the verification of the climate forecasts developed in a number of studies conducted at the Department of Climatology of the University of Warsaw (by Boryczka et al.) on the basis of the longest available observation series from Warsaw, i.e. from 1779 onwards. It is an assessment of the synchronicity between the measured and predicted air temperatures at Warsaw-Okęcie for a 31-year period between 1980 and 2010, and a 20-year period between 1991 and 2010. A considerable advance in the study of climate change was the identification of the causes of natural cooling and warming of the climate from the 18th century up until the present day. By using the sinusoidal regression method originally developed by Boryczka (1998) , it was also possible to study the periodicity of phenomena occurring at various time intervals (e.g. volcanic eruptions, sediment layers). An analogous cyclicity of climatological, dendrological and sedimentological (δ 18 O oxygen isotope in the ice core and organic substances in lacustrine deposits)
variables was demonstrated, as well as of astronomical and geological variables, i.e. the presumed underlying causes. The identification principle, defined as "the periods of effects and causes are similar, and fluctuations -synchronous", should be fulfilled.
The dominant roles of solar activity and volcanic eruptions in the changes of the Earth's climate were demonstrated.
The approximately comparable cyclicity of these variables made it possible to reconstruct and forecast changes in the European climate in the 21st century, primarily air temperature and the width of tree rings. Furthermore, forecasts of climate change in the Northern Hemisphere during the next 100,000 years based on changes in solar radiation near the upper edge of the atmosphere (j = 65 o N) and periodic oscillation of the oxygen δ 18 O isotope contained in the ice core, are also quite interesting (Boryczka et al. 2010) .
Determining the period of change relating to solar activity, air temperature and tree rings is essential in explaining the natural causes underpinning climate fluctuations. For temperature trend forecasts, it was assumed that the short and long periods identified in the measurement series would continue to recur. This assumption is justified by the analogous solar activity periods (solar constant) that underpin periodic climate changes.
Cycles, i.e. Q periods, amplitudes b and phases c were determined using the sinusoidal regression method, by modifying the period of sinusoidal periods Q to a time interval of 0.1 year:
The forecasts and reconstructions of air temperature are affected by random interferences with a cycle of k:
Verification of forecasts of periodic changes in the climate of Warsaw in the period 1779-2010
where: t = time, and at = linear component.
The number of the periods and their lengths was determined so as to ensure that the standard error for the time trend f(t) was minimised. Therefore, the extrapolated values (reconstructed (t<0) and predicted (t > n)) have a high degree of reliability.
Impact of solar activity on climate
Changes in solar activity from 1700 to 2010 were determined on the basis of the annual Wolf numbers in the period 1700-1748 (Reznikov 1982) and the average monthly Wolf numbers in the pe- The interference of the major solar activity cycles (Table 1) Picea abies (Falkenstein, Germany, 1540 -1995 , Fodara Vedla, Italy, 1598 -1990 and Stonnglandes, Norway, 1403 -1997 and
Larix decidua (Pinega, Russia, 1578 -1990 , with a correlation coefficient r = 0.236 > r 0.05 (according to the t-Student test) (Fig. 3) . Air temperature changes in Warsaw-Okęcie from 1951 to 2010, most notably in winter, were dependent on the North Atlantic Oscillation (Fig. 4 ). This is confirmed by a high correlation coefficient (r = 0.705) for temperature T and the NAO Index (critical value r 0.05 = 0.255).
Impact of volcanic eruptions on climate
Periodic volcanic episodes also cause changes in the amount of direct and diffuse sunlight reaching the Earth's surface.
The content of volcanic dust in the atmosphere was measured using the Dust Veil Index (DVI) (Lamb 1974) in the years . The periods of this (discontinuous) variable could only be determined using the sinusoidal regression method (see Table 2 ).
The 11.4-year and 91.8-year cycles of the log DVI, which are similar to the known periods of solar activity, are of particular interest.
The interference of the cycles of the indicator F(t) = log DVI (Tab. 2) with a linear coefficient 2.690577-0.00107 t (multiple correlation coefficient R = 0.719) is shown in Fig. 5a . It should be noted that between 1600 and 2100, the value of log DVI decreases signifying a reduction in the concentration of volcanic dust in the atmosphere. The influence of volcanic eruptions on climate are also attested to by the variations in the width of tree rings, e.g. the Pinus sylvestris pine in Vikran (1599 Vikran ( -1992 which is positively correlated with the -log DVI index and signifies the removal of volcanic dust from the atmosphere (see Fig. 5b ) (Stopa-Boryczka et al. 2007 ).
Accuracy of air temperature forecasts in Warsaw in 1984 based on measurements from 1779 to 1979
Air temperature trends in Warsaw between 1980 and 2100 based on data from 1779 -1979 were first compiled on the basis of the reconstruction and predictive model of air temperature changes over a number of years (Boryczka 1984) . The model takes into consideration the interference of 6 cycles with periods of 1, 11.2, 22, 18.6, 90 and 220 years, and the modulation of the annual cycle with a frequency W 1 =2p by shorter cycles of 22, 90 and 220 years:
The model is characterised by the high coefficient of determination Mixed marriages and acquisition of habits of the country of emigration Vol. 16 • No. 2 • 2012 • pp. 16-22 • ISSN: 2084 -6118 • DOI: 10.2478 Temperature cycles are caused by the Earth's rotation around the sun, the 11-year solar cycle and 22-year solar magnetic field cycle, the precession and nutation of the earth and the 100-and 200-year cycles of solar activity.
In order to verify the forecasts based on this model, the average monthly air temperature values were calculated by entering the relevant period into the formula e.g. July -t +0.5833, where t = 0 is 1778.
Of particular importance is the synchronicity between changes in the values of air temperature in Warsaw between 1500-2500, calculated for July using the model T = f(t) and the widths of oak tree rings (Quercus petraea) in Bodensee (The Netherlands, 1398-1993) (see Fig. 6 ). The widths of the tree rings on this oak are characteristic of the two strongest cycles that had a period of 112 and 197 years (correlation coefficient 0.248 and 0.373).
The synchronicity of the changes also appears in the widths of the tree rings of this oak (1500 to 1993) and the moment of the planets of the solar system relative to the elliptical plane (Fig. 7) . (Fig. 8) .
Based on the measurements and forecasts, there is generally significant agreement between the air temperature maxima and minima in the 31-year period between 1980 and 2010. For example, in July the connection between the measured (y°C) and forecast (x°C) air temperatures at Okęcie are described by a simple regression with a correlation coefficient of r = 0.444, and significance at a level of 0.05 (t-Student test, r 0.05 = 0.349) (Fig. 9) .
Accuracy of air temperature forecasts in Warsaw based on measurements from the period 1779 to 1990
Forecasts concerning the air temperature trends in Warsaw for the years 1991-2100, made on the basis of the data of the As- 62, 3.5, 4.8, 6.6, 7.7, 9.3, 13.0, 15.4, 27.5, 62.5, 122.7, 204.8 years (Fig. 11) .
The agreement of the measured and forecast temperature 9, 4.7, 5.2, 6.5, 7.1, 7.4, 7.8, 15.9, 22.5, 44.3, 91.2 and 208.2 years.
In the decade 2001-2010, the accuracy of summer forecasts decreased compared to the decade of 1991-2000 (Fig. 12) .
Urban heat island forecast for Warsaw based on measurements between 1951 and 2000
The heat island effect in Warsaw was usually characterised The differences in air temperature (DT) between the city centre and its peripheries in the years 1951-2000 are also characterised by multiannual periodicity (in winter -2.4, 5.6, 6.9, 9.2, 11.5,16.3 and 29.0 years and in summer -2.9, 5.4, 7.9, 9.4, 12.0,16.8 and 29.2 years) . 
